An integrated study of heart pain and behavior in freely moving rats (using fos as a marker for neuronal activation).
The awareness in specific brain centers of angina pectoris most often results from ischemic episodes in the heart. These ischemic episodes induce the release of a collage of chemicals that activate chemosensitive and mechanoreceptive receptors in the heart, which in turn excite receptors of the sympathetic afferent pathways. Ascending pain signals from these fibers result in the activation of the brain centers which are involved in the perception and integration of cardiac pain. Cytochemical studies of the nervous system provide the opportunity to identify these areas at the cellular level. In the present investigation, cardiac nociception was studied in the brains and the spinal cords of rats, using Fos protein as a marker of neuronal activation, following the application of pain-inducing chemicals to the heart. Induction of myocardial pain in conscious rats was achieved by infusion of bradykinin (0.5 microg) or capsaicin (5 microg) into the pericardial sac. During pain stimulation, the rats demonstrated pain behavior, in conjunction with alterations in heart rate and blood pressure. The cerebral Fos expression pattern was studied 2 h after pain stimulation. In contrast to the control group, increased Fos expression was found following the use of both capsaicin and bradykinin in a variety of areas of the brain. Bradykinin, but not capsaicin, induced Fos expression in the upper thoracic and upper cervical spinal cord; these segments are the sites where cardiac sympathetic fibers terminate. This finding suggests that these two chemicals use two different pathways, and provides extra evidence for the role of the vagus nerve in the transmission of cardiac nociception. Different cerebral areas showed an increase in the c-fos activity following pericardial application of pain-inducing chemicals. The role of these cerebral areas in the integration of cardiac pain is discussed in relation to the identified pathways which transmit cardiac pain.